Mycoviruses are a specific group of viruses that naturally infect and replicate in fungi. The importance of 11 mycoviruses was revealed after their effects were identified not only in economically important fungi but 12 also in the human pathogenic fungus Aspergillus fumigatus. The latter was shown recently to harbor at least 13 three different types of mycoviruses including a chrysovirus, a partitivirus and as yet uncharacterised virus. 14 Assessment of virulence in the presence and absence of mycoviruses in A. fumigatus is pivotal to 15 understanding its pathogenicity. Here, we have investigated, for the first time, the effects of mycoviruses 16 on the pathogenicity of A. fumigatus as assessed using larvae of the greater wax moth Galleria mellonella. 17
Introduction 26
Mycoviruses are a specific group of viruses which naturally infect and replicate in fungi. They are 27 widespread in all major fungal groups, most being latent or cryptic and asymptomatic in their hosts 28 had no effects on susceptibility to common antifungals (Bhatti et al, 2011b mm Petri plates, incubated at 37 °C and the fungal phenotype examined 5 days after inoculation. The colony 107 diameters of the two isolates were measured every 24 h over the 5 day incubation period in three replicate 108
plates. The means and standard errors of the colony diameters measured were plotted to determine any 109 differences between the isolates. All experiments were performed in triplicate. 110 111
Fungal burden assay using quantitative PCR 112
For the fungal burden assay, moth larvae were treated as for the survival assay. Following 6h and 48 h 113 at 37 °C incubation, three randomly selected larvae for each time point were ground using a mortar and 114 which were duplicated, all control larvae survived until the end of the observation period (120 h). 137
Survival rates of G. mellonella larvae following infection with A. fumigatus 138
All isolates used in this study were highly virulent as compared to the non-virulent Δpaba isolate 139 following injection of larvae with 1x10 5 spores/larva (P<0.0001). Melanization, which is a strong indicator 140 of fungal growth and an active immune response, was observed in all infected larvae within 18 h post-141 injection except those injected with Δpaba. There were no significant differences between the survival rates 142 of CV-free and CV-infected A. fumigatus isogenic lines (P=0.87; Fig. 4A ). Also, there were no significant 143 differences in the survival rates of A. fumigatus PV-free and PV-infected injected moth larvae (P=0.15; Fig.  144 
4B). 145
However, there were statically significant difference in the survival rate of the A78-free and A78-infected 146
A. fumigatus isogenic lines (P<0.01; Fig. 4C ). This suggested that virus-infected A78 A. fumigatus isolate wasvirus-infection in the A. fumigatus A78 isolate, including deeper pigmentation and a uniform, sectored 151 growth (Fig. 2) . The radial growth assays showed that the A78-infected A. fumigatus isolate grew faster than 152 the A78-free isolate. This trend was more noticeable and maintained on AMM and occurred at an earlier 153 time (Fig. 5A) . In contrast, on ACM, the growth difference was noticeable only on day 4 (Fig. 5B) . Thus, the 154 radial growth assays demonstrated that the virus infection caused increased growth on the medium which 155 is similar to that observed in the G. mellonella survival assay (Fig. 4C) . 156
Fungal burden 157
Quantitative PCR was performed using the expression of the A. fumigatus β-tubulin gene as an indication 158 of fungal growth and burden in moth larvae inoculated with all isolates (Table 1 ). The actin gene that was 159 used as an internal control, remained at the same level in all of the qPCR experiments and, as anticipated 160 for a negative control, there was no β-tubulin gene expression at both time points in all PBS injected larvae 161 (Fig. 6) . In Δpaba injected larvae, higher Ct values meaning less expression were detected when compared 162 to the virus-free and virus-infected isolates. The expression of fungal β-tubulin was significantly lower in 163
Δpaba as compared to all virus-free and virus-infected strains at 48 h (P= 0.02-0.002). 164
The expression levels of β-tubulin were not significantly different between the virus-free and virus-165 infected couplets of CV and PV at both time points (P>0.05; Fig. 6A and 6B) . However, fungal β-tubulin gene 166 expression "fungal load" in A78-infected as compared with the A78-free strain, was significantly higher at 167 determination of differences in survival rates between virus-free and virus-infected A. fumigatus isogenic 172 lines. (ii) There were no significant differences between the survival rates of CV-free/-infected and PV-free/-173 infected A. fumigatus isogenic lines. (iii) The survival rates of moth larvae infected with A78-free isolate was 174 significantly higher than those infected with A78-infected isolate. (iv) The A78-infected A. fumigatus isolate 175 had a faster growth rate on AMM as compared to the A78-free isolate. (v) The fungal load determined by 176 qPCR was significantly higher in the A78-infected A. fumigatus isolate as compared to the A78-free isolate. Although, AMM contains the minimum ingredients for fungal growth, the A78 virus-infected isolate grew 232 faster than the virus-free one in this medium. The increase in radial growth in both types of media, even 233 though it can be observed more clearly in AMM than ACM, would suggest that A78 virus infection confers 234 significant advantages for the growth of the host. The significant increase in growth and virulence in the 235 moth model are suggestive of hypervirulence. The hypervirulent nature of A78 virus was also supported at 236 the molecular level following assessment of the fungal burden as assessed by qPCR. In the future, the 237 hypervirulent nature of the A78 isolate should be tested using the murine model. 238
The potential of mycoviruses in regulating the pathogenicity of their hosts may provide a significant 239 treatment alternative at the early stages of human fungal infection. 
